Introduction
The introduction of exotic tree species in Brazil has provided substantial benefits to socioeconomic development for diverse regions, in special where the climate and soil characteristics are not adequate for agricultures activities (MISSIO et al., 2004) . Among the exotic tree species, the fast growing Pinus sp. has a great success for timber, pulp and resin yield. In Brazil, Pinus sp. intensive commercial reforestations started in 1950. The first intensive plantings were established by São Paulo Forest Service (actual São Paulo Forest Institute). After this first step, private companies start reforestation using Pinus sp., especially for pulp production.
Tropical Pinus species are intensively planted in São Paulo state due it fast growth, and good adaptation to soil and climate. Among the diverse tropical Pinus species, Pinus caribaea Mor. var. bahamensis Bar. et Gol., has prominence due it fast growth, good adaptations, high timber and resin yield. This species is originated from the Bahamas Islands, in two areas distant 600 km a part (BARRETT and GOLFARI, 1962) . The first area include Grand Bahamas, Great Ábaco, Andros and New Providence islands, between North latitude 23°to 27°. The second area includes Caicos Island between North Latitude 21°to 22°. In these island the species is found in altitudes ranging from sea level to 30 m, in tropical clime (25°C), sub-humid (average annual precipitation range from 700 to 1.300 mm), with dryer period of six months, and in alkaline soils (pH 7.5 to 8.5). The growth is between P. caribaea Mor. var. caribaea Bar. et Gol. and Pinus elliottii Eng. var. elliottii (BAR-RETT and GOLFARI, 1962) . This monoecious wind-pollinated species have a mixed mating system (MATHESON et al., 1989; ZHENG and ENNOS, 1997 ) and significant levels of inbreeding have been detected in some populations, as San Andros (F = 0.218), Adelaide (F = 0.180) and High Rock (F = 0.139, ZHENG and ENNOS, 1999).
Significant genetic variation for grown, stem form and resin production traits have been detected among P. caribaea var. bahamensis provenances and families, suggesting the species have high silvicultural potential for tree breeding (SEBBENN et al., 1994; ZHENG et al., 1994; GURGEL GARRIDO et al., 1996 MISSIO et al., 2004) . Estimates of heritability coefficients in progeny test have shown substantial genetic control for grown, stem form and resin production and genetic gains have been estimated at 23.4 % for height, 30.6 % for d.b.h. (ZHENG et al., 1994 ), 8.3 % for real volume (SEBBENN et al., 1994 , and 46.2 % for resin production (GURGEL GARRIDO et al., 1999) . These results showing the high potential of the species for improved the stem form and increase in timber and resin yield through selection of the more productive provenances and families.
The goal of this study was investigated the genetic variation for growth traits in 97 families from 14 P. caribaea var. bahamensis provenances originated from four Bahamas islands in Paraguaçu Paulista region, São Paulo state, Brazil. Our objectives were: i) study the genetic variation in P. caribaea var. bahamensis provenances for the main silvicultural traits in the region of Paraguaçu Paulista -SP; ii) study the correlation between grown traits; iii) classify provenances according to their silvicultural performance.
Material and Methods

Sampling, experimental site and design
The open-pollination seeds for this trial were collected from parent trees in 14 P. caribaea var. bahamensis (WRIGHT, 1978) , with 14 provenances (main plots), 2 to 10 families per provenance (subplots), 5 individuals per subplot and 7 replicates. Initial spacing was 3 m by 3 m. Three external border rows were used. In 1996 (six years after planting), the trials was thinned, removing the worst two trees for resin yield within a subplot. Since resin production is not correlated with growth traits (GURGEL GARRIDO and KAGEYAMA, 1993; ROMANELLI and SEBBENN, 2004) , it is expected that the within plot thinning did not affected the genetic variability for the other traits.
Genetic Variation in an International
For the present study, the trial was assessed at 15 years after planting for diameter at breast height (d.b.h.) and total tree height (h). From d.b.h. and height, the real volume was calculated using the expression:
, where F F is the form factor developed for species in Brazil, F F = 0.47 (SEBBENN et al., 1994) . Additionally, for growth comparisons, we established a small plot of 50 trees in a commercial stand of 16 years old of the same species and in 19 years old P. elliottii var. elliottii, in the same experimental station.
Significance of effects
To test the significance of effects for island, provenances within islands, and families within island an F test was carry out, based on the GLM procedure of the statistical program SAS (SAS, 1989) .
However, given the reduced number of families per provenance, provenances were aggregated by Islands. The linear mixed model used to estimate the components of variance was:
where: Y ijkl is the phenotypic value of the lth individual of the kth family from the jth island in the ith replication; µ is the fixed term overall mean; b i is the fixed effect of the ith replication; p j is the fixed effect of the jth island; (pb) ji is the random effect of the interaction between the jth island and the ith replicate; f j:k is the random effect of the kth family in the jth island; (fb) j:ki is the random effect of the interaction between the kth family of the jth island and the ith replicate; e ijkl is the effect of the lth tree within the kth family of the jth island in the ith replication. The latter component includes the error effects; i = l,..., b (b is the number of replications); j = 1,..., p (p is the number of island); k = l,..., f (f is the number of families within island); l = l,..., n (n is the number of trees per family). VARCOMP procedures from SAS statistical program (SAS, 1989) was used in combination. Since the experiment was unbalanced due to unequal number of surviving trees, selection in the subplots level for resin yield in 1996, and unequal number of families per provenance, a Restricted Maximum Likelihood (REML) method was used to estimate the variance components.
The REML variance components were used to estimate the relative importance of island (Q i ) and genetic family within island variation (Q f (i) ) calculated as:
Where φ i is the GLM component of variance for island effect; σ 2 pr is the REML variance of the interaction of island by replicate; σ 2 f the variance of family within island effect; σ 2 e the variance of the interaction of family within island by replicate and σ 2 w is the variance of individual within family effect.
Genetic parameter estimate
The genetic and phenotypic variation, heritability and genetic correlations were calculated according to NAMKOONG (1979) and FALCONER and MACKAY (1996) . Progeny was assumed to include half-sibs, full-sibs and self-sibs and additive genetic variance (σ 2 A ) was estimated as σ 2 A = σ 2 f /r xy , where σ 2 f is the genetic variance among families within provenances, and r xy is the relatedness coefficient within families. The relatedness coefficient within families was estimated following RITLAND (1989) as, were, F is the inbreeding coefficient in parental generation, s is the selfing rate, t is the outcrossing rate, r s is the selfing correlation (measure the variation in outcrossing rate among individual trees), and r p is the paternity correlation (measured the proportion of fullsibs within families). The outcrossing rate (t) was inferred from MATHERSON et al. (1989) that estimated this parameter for two populations of the species as 0.85 and 0.93. The used outcrossing value was the average between these two populations, 0.89. The coefficients F and r s were assumed to be zero and the proportion of full-sibs within families (r p ) was assumed to be 15 %. Thus the estimated relatedness coefficient within families was 0.338. where, σ f x f y is the genotypic products of x and y traits; σ 2 f x and σ 2 f y are the genetic variances among families within provenances of x and y traits, respectively.
Narrow sense
Results and Discussion
Significance of effects
The GLM analysis revealed significant differences among island, provenances within island and families within island for all the traits (Table 2) , indicating the possibility to increase the timber yield through selection of the more productive island, provenances within island and families within island. Significant differences among the same P. caribaea var. bahamensis provenances were also reported in previous analysis of this trial at 2 and 6 years after planting (GURGEL GARRIDO et al., 1999) , and in a repetition this trial in the Guangxi Province, China, evaluated at 2.5 years after planting (ZHENG et al., 1994) . These results confirm the high genetic variation and potential of the species for tree breeding programs.
The components of variance for island and families within island and their relative contributions toward *: P ≤ 0.05; **: P ≤ 0.01. Table 3) . Island effects accounted for 4.9 % (height) and families within island accounted for 6.3 % (d.b.h.) of total variance, suggesting that more genetic gains can be explored for height by selection of the best island and for d.b.h. by selection of the best families. The genetic differentiation among families also drops between six to 15 years of age for height whereas it increased for d.b.h. (Figure 1) . The possible explanation for this pattern of genetic variation with age is that the d.b.h is more sensible to competition than height, and the selection for resin yield within subplots reduced the competition among neighbourhood tree, favouring the genetic expression of this trait. ZHENG et al. (1994) observed 15.2 and 13.6 % of variation among families within provenances for d.b.h. and height, respectively, for the same provenances at 2.5 years after planting.
Provenance performance
The Freeport provenance showed the best growth for d.b.h. and volume and was the forth for height (Table 4) . However, this provenance was poorly represented by number of families. Only two families were sampled and one showed very fast grown for d.b.h. and the other, medium grown. Thus, this average is probably overestimated and recommendation of this provenance needs to be taking with caution. Considering provenances with at least seven families, the best provenance for all traits was Norman Castle from Abaco Island. The second best provenance for d.b.h. and volume was Cedar Harbour Table 3 . -Components of variance, importance of island (Q i ) and family/island effects (Q f (i) ) to total variance, and genetic parameters in provenance-progeny test of P. caribaea var. bahamensis in Paraguaçu Paulista, Brazil. Table 4 . -Growth data (mean ± standard error) for each provenance at age 15 after planting in provenance-progeny test of P. caribaea var. bahamensis in Paraguaçu Paulista, Brazil and number of selected families. (The number in parentheses is ranks). and for height was Saint Point, both also from Abaco Island. San Andros performed worst for d.b.h., Little Harbour Cay performed worst for height, and South Riding performed worst for volume. Norman Castle and Cedar Harbour provenances were also appointed as of the best for d.b.h. and height at 2 and 6 years old by GURGEL GARRIDO et al. (1999) . Interestingly, Norman Castle was the best provenance for d.b.h., the second for crown width, and the third for height and Cedar Harbour was the best for crown width and fourth for d.b.h. and height in Guangxi province, China at 2.5 years after planting (ZHENG et al., 1994) . In Zheng's study, the worst provenance for d.b.h. and height was Kemps Bay following by Roker Cay and Stained Cay. In general terms, the results suggested that provenances from Abaco Island are the bests.
The best growing provenance exceeded the least growing provenance by 7, 8 and 18 % for d.b.h., height, and volume, respectively. Differences in traits growth were greater among families than among provenances. The best growing family exceeded the second best growing family by 2, 3, and 4 % for d.b.h., height, and volume, and the least growing family by 27, 21 and 50%, respectively (data not shown), showing the potential of provenance-progeny test of P. caribaea var. bahamensis for selection. , we can conclude that the studied provenances has a good performance for d.b.h., but not Sebbenn et. al.·Silvae Genetica (2008) 57-4/5, 181-187 for height and volume. But, based on a comparison of the annual growth rate of P. caribaea var. bahamensis provenances with the observed by FREITAS et al. (2005) in the same species at 22 years old for average growth of the best of the 22 open-pollinated families (d.b.h. = 1.29 cm, height = 1.05 m) planting in Bebedouro, São Paulo State, Brazil, is possible to conclude that the species showed a good growth rate at this site. Still, comparing the annual growth rate with observed in a P. elliottii var. elliottii plot established in a commercial stand (d.b.h. = 1.34 cm, height = 0.85 m; volume 0.0230 m 3 ) at the same site, we observed the superiority of the tested species for d.b.h. and height growth.
Genetic parameters
Genetic correlations (r g ) on growth traits were substantially high and statistically significant (r g (d.b.h.-height) = 0.58, P < 0.05; r g (d.b.h.-volume) = 0.98, P < 0.01); r g (height -volume) = 0.72, P < 0.01) indicating that gains could be made through indirect selection for one trait based on direct selection for another. These genetic correlations are very similar to those reported by MISSIO et al. (2004) The thinning based on resin yield may have biased the estimative of genetic parameters if resin yield and growth traits were correlated and if a different number of trees were selected per subplot or family, benefiting trees in some subplots from lower competition for growth, hence influencing the results. However, correlation between resin yield and growth traits seems to be low. Studies conducted in Brazil with P. elliottii var. elliottii suggest a low and not significant genetic correlation between resin yield and d.b.h. and height (< 0.5, GURGEL GARRIDO and KAGEYAMA, 1993; ROMANELLI and SEBBENN, 2004) . Also, the thinning was homogeneous across the subplots with two trees being removed from each sub-plot. Thus, we believe that selection for resin yield did not have an effect in our estimates of variance components and genetic parameters.
The coefficient of genetic variation among families was higher for volume, following by d.b.h. and height ( Table 3) . In comparison to previous results at 6 years of age (GURGEL GARRIDO et al., 1997) , the genetic variation increase for d.b.h. (CV g = 3.85 %) and decrease for height (CV g = 12.35 %), following the same pattern observed for variances among families (Figure 1) . The genetic variation was also smaller than detected by MISSIO et al. (2004) at age 13 (d.b.h., CV g = 5.57 %; height, CV g = 2.0 %, volume, CV g = 14.05 %), but higher than the one detected at age five (d.b.h., CV g = 1.86 %; height, CV g = 1.06 %, volume, CV g = 4.35 %, SEBBENN et al., 1994) and 22 (d.b.h., CV g = 2.27 %; height, CV g = 1.9 %, volume, CV g = 6.8%, FREITAS et al., 2004) in 22 families growing in Bebedouro, São Paulo State. Although, there are some differences in the estimates at different age and populations, all results show the same pattern, with high genetic variation for volume, followed by d.b.h. and height, indicating that more genetic progress can be expected from selection for volume and d.b.h. than height.
The estimates of heritability (Table 3 ) at individual (h 2 i ), within families (h 2 w ), and among family levels (h 2 f ) were higher for d.b.h. and volume than height, in accordance with the coefficient of genetic variation, indicating a higher genetic control of these traits. The corresponding family mean heritability was substantial and suggests a high potential for selection among families. The higher values of heritabilities for d.b.h. and the high genetic correlation of this trait with volume, indicates that d.b.h. is the best trait to use in selection.
